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Introduction and overview

Examples of SW EREBE ADMes in polar coordinates
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Inversion Error Behaviour

Previous Theoretical Results

Bodas-5aleedo, A., J.F. Gimeno-Ferrer, and E. Lépez-Baeza (2003): Flux Retrieval
Qptimization with a Nonscanner Along-track Broadband Radiometer, J. &eophys. Res., Vol.
108 No. D2,

for planar clouds, studied several specific methodologies for the flux retrieval with along-
track measurements

Owercast Ocean

Fi-ilh —— -

ng Group Meeting

AMESE (Wim7)
£ &

TECHNISCHE
UNIVERSITAT
DRESDEM

VNIVERSITAT [ 2
© VALENCIA [@"T] Facultat de Fisica




W CERES-GERB Meeting. NCAR, Mesa Lab, Boulder, Colorado, USA

March 29 - April 2, 2004
SW Inversion Error Behaviour

One RAZ Interval

Real CERES/TRMM data to validate those results (Bodas-5aleedo, A., E. Lopez-Baeza, and

G. L. Smith (2002): S5tudy of the Flux Retriewal Error Behaviour with CERES/TRMM Data.
2t Tnternationa! Symposium on Remote Sensing, SPIE, Creete, Greece, 22-27 Sept, 2002.)
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LW Band

March 29 - April 2, 2004
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Introduction
and Overview

Along-track
configurations

However, accurate determinations on smaller spatial and temporal scales are also
heeded. In particular, to improve critical parameterisations of cloud-aerosol-
radiation interactions in climate models, accurate instantaneous top of the
atmosphere (TOA) EREB measurements are needed as constraints to the derivation
from other instrumental data of vertical radiative flux profiles in the atmosphere

For this purpose, along-track configurations are very good candidates because the
flux retrieval can be optimised by using different views of the same pixel from the

same platform. Recent analyses of Muftisngle Imaging Spectrofodiometer (MISR)
data show how the different views along track provide stereo information on cloud
heights. Cloud fields are not necessarily plane parallel. and their 3-dimensional
effects are a complicating factor in the analysis of satellite data and in particular
in determiningn radiative fluxes from radiance measurements. Analysis of multiple
views, although complex, is a way to take these factors into account and to
improve the flux determinations.

ing Group Meeting
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Introduction and Overview

CERES on boord TERRA NASA csatellite af 10:20 - 10:27 UTC 20 June 2003

LW Radiances SW Radiances

orking Group Meeting
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Introduction and Overview

CERES on boarnd AQUA NASA satellite ot 13:34 - 13:42 UTC 20 June 2003

LW Radiances SW Radiances

orking Group Meeting
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T CERES-GERE Meeting. NCAR. Mesa Lab. Boulder. Colorade. USA

Introduction and Overview
Terra pass at 11:00-11:11 on 06/21/2003; view from 2000km
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CERES-GERE Meating. NCAR. Mesa Lab. Boulder. Colorado. USA
Introduction and Overview

Along-track configurations
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CERES-GERE Meating. NCAR. Mesa Lab. Boulder. Colorado. USA
Introduction and Overview

Along -track configurations
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CERES-GERE Meating. NCAR. Mesa Lab. Boulder. Colorado. USA
Introduction and Overview

Along-track configurations
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SATELLITE
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CERES-GERE Meating. NCAR. Mesa Lab. Boulder. Colorado. USA
Introduction and Overview

Along-track configurations
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CERES-GERB Meeting. NCAR, Mesa Lab, Boulder, Colorado, USA

Objectives of the Study

+ To develop improved ADMs to retrieve instantanecous TOA
radiative fluxes, specially for broad-band radiometers with a
footprint in the order of 10 km and multi-view capability,
and

* To evaluate the expected error introduced by the
statistical nature of ADMs and three-dimensional radiative

effects, mainly due to cloud fields, in the accuracy of the
derived TOA fluxes.

Tasks from the SoW

+ Task 1: Selection of a representative dataset
» Task 2: Scene definition
» Task 3: ADMs, BRDFs and surface albedo

» Task 4: Conclusions and recommendations
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CERES-GERE Meeting. NCAR. Mesa Lab. Boulder. Colorade. USA
Task 1: Selection of a representative dataset

The overall objective
to improve the radiance to flux conversion
a prospective broad-band radiometer (EBR)
relative small footprint {around 10 lam)
multi-view capabilities
(3-views along track, nadir and 53° fore and aft)

For the representative data set
the best candidate is the 5-instrument CERES dataset
RAPS and PAPS modes
10 km (TRMM) or 20 km resolution (Terra and Aqua)

POLDER
14 -view capability and its 6-km resolution {hb-bb])

GERE (40 km and 15 min sampling) with SEVIRI
a given area of the Earth is aways observed with the same VZA

iHher instruments

MISE, ATSE-2 and AATSE
historical ERBE and ScaRaB

Find how the 3 directions of the prospective BER are representative of the radiance
field for different cloudiness and cloud type.

Imager information from MSG/SEVIRI, MODIS and NOAA- AVHER will also be
obtained for different periods, which will provide horizontal cloud field structures
for different selected cloud systems.

VINIVERSITAT % TECHMNISCHE

et o el [. _] fes [T~ [ ] UNIVERSITAT
[ 1\n--."-.[.I-.E"-»J'l_.l.l"s. ‘3 I FEE““:E“; de F""i"s"EI - [-I_ﬂl DRESDEM



CERES-GERB Meeting. NCAR, Mesa Lab, Boulder, Colorado, USA

Task 2: Scene definition

The second task defines the scenes upon which the angular
models will be built, by taking inte account information
provided by the statistical analysis of real data, and realistic
3D radiative transfer simulations

By scene definition we understand the classification of any
radiance in one and only one group of observations of targets
with similar anisotropic behaviour. Each group is defined by a
set of surface and atmosphere parameters

This task has two main objectives
* to establish the classification of scenes that will be

used in the angular models generated from the database
produced in Task 1,

ing Group Meeting

* to generate representative radiance fields from 3D
radiative transfer simulations for each of the scenes
selected
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CERES-GERB Meeting. NCAR, Mesa Lab, Boulder, Colorado, USA

Task 3: ADMs, BRDFs and surface albedo

The objective is the construction of ADMs specifically suitable to
along-track measurements

ADMs employed in ERBE, ScaRaB and CERES missions make use
of only one radiance in the inversion process

With the along-track configuration, 3 almost simultaneous
radiances will be available for the same target, thus providing
more information on the anisotropy of the observed scene

It is assumed that surface bidirectional reflectance distribution
functions (BRDFs) and surface dlbede are input parameters for
the simulation. TOA BRDFs and TOA albede are outputs either
from the BBR representative data base or from the radiative
transfer calculations.

ing Group Meeting
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CERES-GERB Meeting. NCAR, Mesa Lab, Boulder, Colorado, USA
Main problems2and4proposed solutions

Practical Problems Task 1: Selection of a representative dataset

Each satellite data set tdien separately responds only partially to the needs of
the study

POLDER-1 (November 1996 to June 1997, peried with no NFOV BBR in space)
Overlap of CERES/TRMM and CERES/Terra (March 2000, only)

Better perspectives for the coming years
‘pre-validated’ POLDER-Z and GERE data (7]
Angular Sampling

Even the 14 observation views of POLDER are far from providing a complete
angular coverage. Furthermore only YZAs smaller than 60° are recorded.

Combination of complementary satellite data sets. But..
Co-registration of data coming from different platforms is not perfect
Start with CERES
Enrich with POLDER, GERE, MISR, AATSE,..
Additionally NOAA-AVHRR to determine horizontal cloud field structures for different

selected cloud systems (convective cloud fields, stratiform cloud fields..)

SESAT (Berger, 2001) allows the determination of cloud properties (cloud cover, cloud top
temperature and reflectance as well as cloud optical depth and cloud droplet radii and/or
cloud ice erystal sizes.

VNIVERSITAT O, SVC 7S TECHNISCHE
b VAL ENCIN (0= Facultat e Fisica teg@me| @& ™ (1L1) Uivensiviv



CERES-GERE Meeting. MCAR., Mesa Lab. Boulder. Colorade. USA

Main problems and proposed solutions
Task 2: Scene definition

Two main problems to overcome:
Sampling
Specific characteristics of the platform/sensor

As regards to sampling

The starting point for this study will be the scene definition
adopted in the construction of CERES/TRMM ADMs, which
include 592 scenes in SW, and 1036 in LW (Loeb et al.,
2002).

CERES/TRMM flew in a 359 inclined orbit, and therefore it only
provides sampling measurements for the tropical region. That
means that the conclusions of the study would only be valid
for those conditions. However, as planned in Task 1, the
database will be updated and implemented with measurements
from CERES/Terra, GERB, and POLDER, which cover the
climatological regimes not included in CERES/TRMM data.

ing Group Meeting
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CERES-GERE Meeting. MCAR., Mesa Lab. Boulder. Colorade. USA

Main problems and proposed solutions
Task 2: Scene definition

Regarding the sensor spatial resolution, there are several issues
to deal with
Spatial noise: the pixel size changes when VZA increases
The reference level: changes in the scenes observed by nadir
and off-nadir views.

In order to study these issues, full 3D radiative transfer
simulations for the conditions of each scene will be carried
out. These theoretical results will help to evaluate the
impact of 3D effects in the radiance to flux inversion
depending on the scene.

Another general issue concerning along-track measurements is
the spatial coverage. Along-track data typically leave many
gaps between measurements and, therefore, the spatial
sampling is worse than for cross-track measurements, and
this becomes an error source when computing regional means.
However, since our interest is flux retrieval on  an
instantaneous pixel basis, the spatial coverage is not a
problem, and will not be considered in this study.

ing Group Meeting
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CERES-GERE Meeting. MCAR., Mesa Lab. Boulder. Colorade. USA

Main problems and proposed solutions
Task 3: ADMs, BRDFs and surface albedo

The main problem of making use of the along-track
capability to develop angular models is the collocation
between the different views of the same pixel

Due to the fact that these problems only arise on scenes
with a high degree of spatial variability, they will be
studied only in a subset of the scenes defined in Task 2,

with the aid of the simulations also generated in Task 2.
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CERES-GERB Meeting. NCAR, Mesa Lab, Boulder, Colorado, USA
Overall Structure of the Study Plan

Project Management

Task 4:
Conclusions and
recommendations
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CERES-GERB Meeting. NCAR, Mesa Lab, Boulder, Colorado, USA

Task 1: Selection of a representative dataset

4 GERB / MSG

Working Group Meeting

LW
0 fév. 2003 10:30. Resolutions: 40 km, 15 min. fixed VZA
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March 29 - April 2, 2004

2003, JUNE 20, during SCALES experiment
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CERES-GERB Meeting. NCAR, Mesa Lab, Boulder, Colorado, USA

Task 2: Scene definition. Surface BRDF

Surface anisotropy is a main error source in ADMs development
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CERES-GERB Meeting. NCAR, Mesa Lab, Boulder, Colorado, USA
Task 2: Scene definition. Surface BRDF

Kernel-driven BRDF models are generally employed to account for
surface reflectivity anisotropy:

p(ﬂsﬁmﬁ);z .1 (6.6,9)

Usually, three physically meaningful kernels are distinguished:
ﬁ(gﬂ'ﬂ:?‘;ﬁ') :/{3:'.5@'{;5-:- +/Bgﬂ-:-fgﬂ-:- (9.55‘91-"{!5)—'_ vod e vod (9.5’91”‘{35)

P

Optical-geometrical (surface scattering) term
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Isotropic term

Radiative transfer (volume scattering) term
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CERES-GERB Meeﬁng NCAR, Mesa Lab, Boulder, Colorado, USA

1 -2 1 " s oA

Task 2: Scene :Ieflmtmn Surface BRDF

Roujean’s BRDF model is wide spread in the modelling of surface
reflectivity anisotropy. This model has an isotropic, a geometric
scattering and a volume kernel:

ﬁ'( 5 w‘?f’) ﬁﬂ+/81f( u?¢)+ﬁ2£(§s=9v=¢)

Geometric-scattering kernel
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CERES-GERB Meeting. NCAR, Mesa Lab, Boulder, Colorado, USA

Task 2: .'E-'mn::engill ndpgjﬁﬁﬂ-on Nkurfnce BRDF

Roujean geometric-scattering kernel:

S1(8.8,8)= 21 [(ﬁ—gﬁ)ﬂﬂﬂgﬂf‘+5iﬂgﬁ]tﬂﬂ§stﬂﬂﬂ—
T

l(tanﬂs +tan 8, +\/tzm2 A +tan’ & — 2tan & tan &, EDSgEf')
T

Roujean volume kernel:

£(6.6,.6)= ——— -H%—f]cusming}—

3 cosd +cost
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cos& = cosé cosd +sin & sin & cos g
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CERES-GERB Meeting. NCAR, Mesa Lab, Boulder, Colorado, USA

Task 2: .'E-'mn::ozngIIL n:lpngiflgi'ﬁ-u#"igﬁi' 33: BRDF

Roujean geometric- scattenring kernel
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CERES-GERB Meeting. NCAR, Mesa Lab, Boulder, Colorado, USA

Task 2: .'E-'mn::engill ndpgjﬁﬁﬂ-on Nkurfnce BRDF

Also other alternative non-linear BRDF models have been proposed,
such as

* RPY (Rahman, Pinty and Verstraete)

* MRPY (MI5R version of RPY, suggested by Martonchik)
+ Staylor and Suttles

* Reciprocal Li models
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CERES-GERB Meeting. NCAR, Mesa Lab, Boulder, Colorado, USA

Task 2: .'E-'mn::ozngIIL n:lrgjl‘iflgi'ﬁ-u#r“ S

Characteristics of radiation calculations in EarthCARE sumulator

{Correlated K distribution)

- gaseous attenuation: CKD method

- 4 types of ice crystals

scattering properties are

Pkl tabulated in 1 um bins

- 5 types of aerosols

g Group Meeting

- 10 surface types + ocean

- SW and LW narrowband and broadband fluxes and radiances
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CERES-GERB Meeting. NCAR, Mesa Lab, Boulder, Colorado, USA

Task 2: .'E-'mn::engIIL n:lrgjl‘iflgi'ﬁ-u#r“ S

Clouds and the EarthCARE simulator

- typically, the simulator operates on cloud fields produced by

cloud-resolving models

- can use Idealized scenes too (e.g., slabs, cubes, efc...)
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CERES-GERB Meeting. NCAR, Mesa Lab, Boulder, Colorado, USA

Task 2: .'E-'mn::ozngIIL n:lrgjl‘iflgi'ﬁ-u#r“ S

Example: Numerical simulation of MODIS radiances

- 3D cloud field from cloud system resolving model

- nadir radiances (MODIS: 2, 6, 7, 20) simulated by Monte Carlo algorithm

- CRM data : D. Stevens et al. (2002)... ATEX - trade Cu beneath marine StCu

- grid-spacings: 40 m x 20 m domain size: 20 km x 20 km x 4 km

- gamma droplet size distribution

g Group Meeting

=Ny = 100 cm™; Ve = 0.1
- no other attenuators

- black surface (ocean)
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nadir reflectance

Hﬂ. = SGJ

2.13 um 3.75 um
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Simulated radiances (looking towards the Sun) for clouds
associated with cold air advecting over warm ocean

CRM data : Anderson et al. 1997

390 mx 50 m
CCD=100cm™
v, = 0.1

black surface

g Group Meeting
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viewing in forward principal plane at zenith angle:

0 degrees
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viewing in forward principal plane at zenith angle:

25 degrees

E——

00 04 02 03 04 05 086 07

reflectance
SZA = 45 degrees
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viewing in forward principal plane at zenith angle:

35 degrees

g Group Meeting

00 04 02 03 04 05 086 07

reflectance

SZA = 45 degrees
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viewing in forward prnincipal plane at zenith angle:

45 degrees

00 04 02 03 04 05 086 07

reflectance

SZA = 45 degrees
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viewing in forward prnincipal plane at zenith angle:

55 degrees

ng Group Meeting

00 04 02 03 04 05 086 07

reflectance

SZA = 45 degrees
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Selection of representative
data sefts

1. Adaption of SESAT (satellite data analysis scheme)
to Meteosat-8 (former MS56-1) SEVIRI data

2. Scene definition for Meteosat-8 SEVIRI and GERB
data and selection of representative data

ing Group Meeting

3. Scene analysis with Meteosat-8 SEVIRI data
(SESAT)

4. Scene analysis with NOAA-16/17 AVHRR data
(SESAT)

—
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Satellite Data
fo_g. MOAA-AVERE MG ERS-1/2 ATSR,
Emvidat AATSHE

(Strahlungs- und Energieflisse aus Satellitendaten)

1. developed for NOAA-AVHRR, ERS-1 ATSR,
MSG SEVIRI and Envisat AATSR data (all

Cloud Properties using highest available spatial resolution)

[peomatrical, sptical, ond micrephysicel)

Landwurfoce Properties 2. and tested with more than 1000 AVHRR data
(v, NDVI, ¢, T, LAL 2 sets (Bﬂlﬁﬂ SEH, Central El.ll"ﬂPE, Wﬂl"'d"ﬂldE)

3. partly tested (cloud classification / cloud
forcing) with more than 600 AVHRR data sets

(North Sea) / LAC/GAC data (Berger, 1995)

Energy Flux Densities
(sodl beat flax F shorage,
sensible and lafent haat flux)
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, complex, modular scheme
Satellite Data

{n.g. MOAA-AVHRE WG ERS-1/2 ATSH,
Emvidat AATSH

= calibration and geocoding
Geocoding and Calibrati vy . . o
= cloud classification incl. snow and sunglint

Cloud Classification detection

{incl, panglint and prow discriminagtion)

= cloud properties (geometrical, optical and
Cloud Properties miﬂrﬂphySiCﬂl)

[peomatrical, sptical, ond micrephysicel)

= landsurface properties (reflectance, emissivity,

Landsurface Properties .
G- NOVE. +. Ty, LAL, 2) effective, surface temperature, LAIL,

roughness length)

Radiant Flux Denzities (TOA)
(&l comganenti)

= radiant flux densities (TOA - all components)

Rediont Flux Densities (Sfc) = radiant flux densities (surface - all components,
(ol components iscl, U]
incl. UV)
Energy Flux Densities

(s e  storege. = energy flux densities (heat storage / soil and

sensible and lafent haat flux)

canopy, sensible and latent heat fluxes)
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Satellite Data
fo.g. MOAA-AVHRE M3E ERS-1/3 ATSR,
Emvidat AATSHE

Geccoding and Calibration

Clowd Classification . g . . .
(. sengnt o s hscrimition) 1. cloud classification incl. sunglint and snow

detection (all available channels)

Cloud Properties
[peomatrical, sptical, ond micrephysicel)

2. cloud optical thickness (0.6 mm channel) -
Landsurface Properties inverse remote sensing technique

Lira MOVT, &, Ty LAL 2yl

Radicnt Flux Dersities (TOA) 3. Effective cloud droplet radius / ice crystal
- m— diameter (1.6 mm) - inverse remote sensing
technique

Radiant Flux Densities (Sfe)
(ol components iscl, U]

Energy Flux Densities
(sodl beat flax F shorage,
sensible and lafent haat flux)
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LAC - 20 July 2002
(4260)
Europe LAC
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ing

Group Meet

T o9 iy 1E ot 19 kB oM 5 T 9 00 o1x 1% 17 1% 1 13 2%
Cloaid Classes Cloud Classes
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